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A technique to radiate short length, high resolution, pulses with conventional piezoelectric transducers is described. It consists
on designing the driving voltage waveform so that the radiated pulse has a zero-phase cosine-magnitude spectrum compatible
with the natural frequency response of the transducer. According to Berkhout [1], zero-phase cosine-magnitude pulses have the
minimum length, maximum resolution, within a prescribed frequency band. When applied to a 9 kHz sandwich transducer, this
technique decreases the pulse length from 1 ms to 0.13 ms, increases the bandwidth from 1.4 kHz to 11.25 kHz, and lowers the
Q factor from 6.2 to 1.23, at the cost of 33% of  amplitude loss.
INTRODUCTION
   An underwater transducer is driven usually by a
tone-burst. However, Winter et al. [2] and Mazzola
and Raff [3] showed that is possible to use Fourier
techniques to find the electrical driving function so
that the transducer radiates a prescribed acoustic
waveform. Holly et al. [4] reported that a transducer
driven with a shaped function responded in two
octaves, with an amplitude loss of 15 dB.
   Cobo [5] applied this technique to synthesize zero-
phase cosine-magnitude, gaussian, and bionic pulses,
with a conventional sandwich transducer. According
to Berkhout [1], zero-phase cosine-magnitude
waveforms provide minimum length, therefore
maximum resolution, pulses within a prescribed
frequency band.
METHODS
   A transducer can be modelled as a linear system,
with a transfer function H(f), which can be measured.
In conventional performance, the transducer is driven
by an electrical input, and radiates an acoustical
waveform. However, an acoustical waveform can be
prescribed, Ye(f), and the corresponding electrical
driving function, Xe(f), can be accordingly
synthesized
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 Since acoustical transducers are band limited, Y(f)
have to be chosen compatible with their frequency
response band. Also, for the shake of stability, Eq. (1)
must be modified to
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where p2 is a regularisation constant, and * denotes
conjugate complex. Therefore, the electrical function
which must be synthesized is
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where 1  denotes inverse Fourier transform. Zero-
phase cosine-magnitude pulses are given by
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where )( fYe  and )( fe  are the magnitude and
phase spectra, respectively,  is a trade-off parameter
between main and side-lobes on the shaped pulse [6],
),( 21 ff  is the frequency band, 2/)( 120 fff   is
the central frequency, and )( 12 ffB  is the
bandwith.
   Thus, the shaped waveform depends on four
parameters:
 ),( 21 ff , the lower and upper frequencies of
the band.
 , the trade-off parameter.
 p2, the regularisation parameter.
These parameters are chosen according with the
mechanical frequency response of the transducer.
RESULTS
   To illustrate the technique, let’s apply it to a
transducer resonant at 9 kHz. The transducer is a
Tonpiltz with 4 PZT-4A ring ceramics sandwiched
between backing (steel) and matching (aluminium)
layers. Figure 1 shows the acoustic waveforms
radiated by this transducer when it is driven by tone-
burst (4 cycles at 9 kHz) and synthesized electrical
functions, as well as the corresponding envelopes. The
synthesized function was designed to radiate zero-
phase cosine-magnitude pulses with  221 ,,, pff   =
{6 kHz, 20 kHz, 0.25, 2.5}. Figure 2 shows the log-
magnitude spectra of both pulses. Notice as this
technique flattens (equalises) the response of the
transducer within its natural frequency band. Table 1
summarises the characteristics of both pulses, in the
time and frequency domains. The drastic reduction in
pulse length (widening of the frequency band)
involves, as a counterpart, an amplitude loss.
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-10
-8
-6
-4
-2
0
2
4
6
8
10
TIME (ms)
A
M
P
LI
TU
D
E
 (V
)
tone-burst
zero-phase cosine-magnitude
(a)
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-1
0
1
2
3
4
5
6
7
8
9
10
TIME (ms)
A
M
P
LI
TU
D
E
 (V
)
tone-burst
zero-phase cosine-magnitude
(b)
FIGURE 1. Tone-burst and zero-phase cosine-
magnitude  pulses (a) and envelopes (b)
Table 1. Summary of properties of the conventional and
synthesized pulses
Time Frequency
Ampl.
(V)
Length
(ms)
B
(kHz)
Q
Tone-burst 9.47 1.015 1.4 6.2
Zero-phase
cosine-
magnitude
6.29 0.135 11.25 1.23
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FIGURE 2. Log-magnitude spectra of the tone-burst and
zero-phase cosine-magnitude pulses
CONCLUSION
   A drastic improvement of the vertical resolving
power of acoustic pulses can be gained by driving the
transducers with a more sophisticated electrical
waveform.
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